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Effects of poor hygiene on cytokine
phenotypes in children in the tropics
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Abstract
We describe immune phenotypes (innate and adaptive cytokines) according to environmental exposure using latent
class analysis. A total of 310 schoolchildren living in Ecuador were assayed for spontaneous cytokine production as well
as mitogen (SEB)-stimulated cytokines in whole blood cultures. We collected data on environmental exposures by
questionnaire and on intestinal parasites by examination of stool samples. Latent class analysis (LCA) was used to
group children according to their innate (IL-6, IL-8, IL-10 and TNF-α) and adaptive (IL-5, IL-13, IL-17, IFN-γ and IL-10)
cytokine profile. We also conducted multiple-group LCA and LCA with covariates to evaluate the effect of predictors
on profile membership. We identified both hyporesponsive and Th2-modified immune phenotypes produced by
peripheral blood leukocytes (PBLs) that were associated with intestinal worms and birth order, providing insights into
how poor hygiene mediates immunologic effects on immune-mediated diseases.
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To the Editor:
The hygiene hypothesis explains worldwide trends of
increasing allergic diseases as being caused by improve-
ments in hygiene and declines in exposures to microbes
and infections leading to a failure in the development of
robust immune regulation [1]. There are few data inves-
tigating how poor hygiene exposures may affect the
human immune response in tropical settings. We have
shown previously greater production of immune regula-
tory IL-10 by peripheral blood leukocytes (PBLs) in
Latin American children with poor hygiene exposures
[2–4]. In the present analysis, we extend these obser-
vations in Ecuadorian schoolchildren using latent class
analysis to define immune phenotypes of innate and adap-
tive cytokines produced by PBLs at homeostasis and after
maximal stimulation and show how poor hygiene expo-
sures affect immune response phenotypes.
We analysed data from nested case–control studies
of wheezing illness done in schoolchildren living in
Esmeraldas Province, Ecuador as described previously
[4]. Data on asthma symptoms, and demographic and
environmental factor data were obtained by parental
questionnaire, and stools were analyzed by microscopy for
geohelminth parasites [4]. Skin prick tests (SPT) were
done to 7 relevant aeroallergens including Dermatopha-
goides pteronyssinus/farinae and American cockroach [5].
Blood was collected into heparinized tubes and diluted 1:4
in RPMI 1640 (BioWhittaker, Walkersville, MD) with L-
glutamine (BioWhittaker), 80 mg/ml gentamicin and 1 %
HEPES (GIBCO, Gaithersburg, MD). PBLs were cultured
alone for 24 (innate cytokines) hours and 5 days (adaptive
cytokines) or with Staphylococcus enterotoxin B (SEB)
(Sigma Aldrich, St Louis, MO, USA) at 1 μg/mL for 5 days
to measure spontaneous and SEB-stimulated cytokines,
respectively. Adaptive Th2 (IL[interleukin]-5 and IL-13),
Th1 (Interferon-gamma [IFN-γ]), Th17 (IL-17) and Treg
(IL-10) cytokines as well as pro-inflammatory cytokines
IL-6, and TNF-α and the chemokine IL-8 of the innate
immune response were measured in culture supernatants
by sandwich ELISA (DuoSet, R&D Systems, Minneapolis,
MN, USA). Because there were no significant differences
in PBL cytokine responses between wheeze cases and
non-wheeze control children, cytokine data for cases and
controls were pooled. For spontaneous cytokine/chemo-
kine production (i.e. homeostasis), responders were de-
fined using the lower detection limits of the assays while
for SEB-stimulation (i.e. maximal stimulation), we used
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median values for each cytokine/chemokine as cut-offs.
Analyses were done using Latent Class Analysis (LCA) to
identify phenotypes associated with each of homeostatic
and maximal stimulation. For our analyses, outcomes
were cytokine profile membership (i.e. defined a poster-
iori) with exposures being poor hygiene-related variables.
LCA with covariates was used to include predictors of
immune phenotype membership and log-likelihood tests
to evaluate the overall effect of each covariate using MPlus
(version 5). Informed written parental consent and minor
assent was obtained for all children.
Demographic and environmental characteristics of 310
schoolchildren studied were (Additional file 1: Table S1):
53.2 % were rural, 45.5 % were girls, 89.4 % were Afro-
Ecuadorian, 57.4 % were aged 6-10 years, 50.7 % lived in
overcrowded houses (≥ median of 2.7 people/sleeping
room), 62.6 % of fathers were involved in agriculture,
39 % of children were 4th or greater in birth order,
35.8 % lived in houses ≥4 peridomiciliary animals, and
half (50.7 %) of the children were infected with geohel-
minth parasites, predominantly Ascaris lumbricoides and
Trichuris trichiura. We identified 2 immune phenotypes
of cytokine/chemokine production for each of homeo-
static and maximal immune responses (Table 1). For
homeostasis, we identified low and high response pheno-
types in which the former was characterized by lower
overall detection frequencies for innate pro-inflammatory
and adaptive cytokines (Table 1). For the maximal im-
mune stimulus, we identified low and modified Th2 re-
sponse phenotypes, the latter characterized by a higher
frequency of the production of Th2 (IL-5 and IL-13) and
IL-10 but similar frequencies of IL-17 and IFN-γ com-
pared to low response phenotype (Table 1). When we
evaluated the effects of poor hygiene exposures on pheno-
types (Table 2 and Additional file 2: Figure S1), we ob-
served that children infected with geohelminths and those
higher in the birth order were more likely to have a low
response phenotype at homeostasis and a modified Th2
response following a maximal immune stimulus. A modi-
fied Th2 response was less frequent among children
whose fathers were engaged in agriculture (Table 2). The
high response phenotype at homeostasis was negatively
associated with SPT reactivity (adj. OR 0.43, 95 % CI 0.20-
0.89) but immune phenotypes were not associated with
asthma (data not shown).
The present analysis using LCA extends our previous
observations of the effects of poor hygiene exposures on
the production of individual cytokines to identify cyto-
kine phenotypes associated with poor hygiene exposures.
We observed previously that PBLs from children with
chronic geohelminth infections [2, 4], and among those
higher in the birth order [4] and living in poor conditions
[3] produced higher levels of SEB-induced IL-10. Geo-
helminths remain a common environmental exposure in
Latin American countries with the majority of studies
showing prevalence greater than 20 % [6]. In the present
study, we show that PBLs from children with geohelminth
infections and higher in the birth order produce ‘regu-
lated’ phenotypes of cytokine profiles both homeostatically
(resulting in generalized cytokine hyporesponsiveness)
and upon a maximal immune stimulation (a modified Th2
response considered to represent a tolerized Th2 re-
sponse). Both types of response have been associated with
chronic helminth infections in previous studies [7] and
are considered to be mechanisms by which geohelminths
dampen host antiparasite responses and may prevent
allergy.
The study is subject to several potential limitations.
Although we were able to adjust for most relevant con-
founders and ORs were reasonably stable to adjustment
for measured confounders, we cannot exclude un-
controlled confounding by unmeasured variables. While
the study was relatively large for the measurement of
Table 1 Proportions of children producing cytokines in
spontaneous and SEB-stimulated peripheral blood leukocyte
cultures by immunological phenotype
Cytokines Overall % (N = 310)
Spontaneous immune phenotype
Low Response %
(N = 251)
High Response %
(N = 59)
Adaptive
IL-17 7.7 7.2 9.8
IFN-γ 30.6 26.7 46.0
IL-10 17.1 12.8 34.1
IL-13 60.0 53.3 86.4
IL-5 54.8 51.7 67.2
Innate
IL-6 15.5 0 76.2
IL-10 12.6 3.4 48.4
IL-8 41.6 27.3 97.6
TNF-α 32.6 19.8 82.7
SEB-stimulation immune phenotype
Low response % Modified Th2
response %
Adaptive
IL-17 49.8 42.8 57.0
IFN-γ 52.6 46.7 58.6
IL-10 53.2 28.2 78.6
IL-13 52.6 14.4 91.3
IL-5 50.3 17.3 83.8
Shown are conditional probabilities estimated by latent class analysis for each
of the two phenotypes. Entropy for spontaneous and SEB-stimulated was
0.895 and 0.701, respectively. Proportions of children producing low vs. high
response phenotypes for spontaneous were 79.7 vs. 20.3 %, and for low vs.
modified Th2 response for SEB-stimulation were 50.4 vs. 49.6 %
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cytokines, the sample was limited by logistic and cost
considerations and we had limited power to detect small
effects or for uncommon exposures. Data for 3 of the 4
poor hygiene exposures measured were collected by par-
ental questionnaire that may have led to some non-
systematic misclassification resulting in loss of study
power. Although geohelminth infections can survive in
the human host for a period of years and children living
in endemic areas remain infected over long periods of
time through repeated reinfections, the measurement of
geohelminth infections through the collection of a single
stool sample, as done in the present study, cannot distin-
guish a chronic from a recently acquired infection in a
previously uninfected child. The impact on our analysis
of mixing these two different types of infection would be
one of non-systematic misclassification to reduce the
magnitude of the observed effects rather than a system-
atic bias. We were able to measure only a few innate
and adaptive cytokines that have been linked with in-
flammatory pathology in humans and for which assays
were available at the time of sample analysis. Since then
other potentially important inflammatory cytokines have
emerged (e.g. IL-18) and our analyses, therefore, cannot
shed any light on inflammatory profiles that might
include such inflammatory mediators. We felt that
measurement of innate cytokines after SEB testing was
unlikely to be informative given the experimental use of
SEB for T cell stimulation [8]. Identifying patterns of
correlated cytokines using an unbiased analytic approach
such as LCA is probably preferable to the analysis of
cytokines separately as if they acted in isolation.
Our data provide novel insights into how poor hygiene
exposures may reduce inflammation and inflammatory
diseases: through the reduction of cytokine responsive-
ness ‘at rest’, perhaps by reducing the state of activation
of immune cells, and by blunting Th2 inflammatory
responses non-specifically through the co-production of
IL-10, a cytokine with potent anti-allergic effects [9].
Geohelminth infections and birth order, that have been
shown to protect against allergy in numerous epide-
miological studies [1, 7], were associated with similar
immune phenotypes possibly because their effects are
mediated through similar mechanisms. Previous studies
of the effects of farming exposures on the human im-
mune response showed that this effect is mediated
through microbial exposures [10, 11]. For example,
farming children exposed to high levels of endotoxin
showed a down-regulation of TNF-α and IL-10 responses
by SEB-stimulated PBLs [10]. Exposure to a wide diversity
of microbes may be required for the induction of regula-
tory immunologic effects associated with geohelminth
infections and birth order (representing transmission of
infections from older to younger siblings) observed here.
Future studies should explore the immunological pathways
through which these exposures affect human immune
phenotypes.
In conclusion, our observations show that specific
environmental exposures affect immune response phe-
notypes in children living in a tropical setting and pro-
vide further insights into how poor hygiene exposures
may mediate their immunologic effects on inflammatory
diseases such as asthma.
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Table 2 Univariate and multivariate associations between poor hygiene exposures and immune response phenotype membership
Exposures Spontaneous outcome (High) SEB-stimulated outcome (Th2 modified)
Crude Adjusted Crude Adjusted
OR (95 % CI) OR (95 % CI) OR 95 % CI OR 95 % CI
Father agricultural activities
(Yes vs. No)
0.81 (0.44;1.49) 0.79 (0.41;1.51) 0.57 (0.33;0.97) 0.55 (0.32;0.96)
Birth order (≥4th vs. ≤3rd) 0.44 (0.22;0.86) 0.48 (0.24;0.95) 2.07 (1.21;3.56) 2.04 (1.18;3.52)
Any geohelminth infection
(Yes vs. No)
0.24 (0.12;0.47) 0.25 (0.12;0.50) 1.68 (1.00; 2.82) 1.68 (0.98; 2.89)
Number peri-domiciliary animals
(> = 4 vs. <4)
0.53 (0.19;1.44) 0.88 (0.43;1.82) 0.92 (0.54;1.56) 0.89 (0.51;1.56)
ORs adjusted for age, sex, area of residence, ethnicity, and other variables in model
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